In this study, a simple method to purify lysozyme was introduced, based on combination of conventional processes, including thermal treatment is electric point precipitation and gel chromatography. The sample was purified well by compared with lysozyme standard and no other proteins appeared in Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE).
INTRODUCTION
Lysozyme is a soluble enzyme consisting of a single polypeptide chain containing 129 amino acids with the ability to break down bacterial cell walls. It has a molecular weight of ∼14.3 kDa and an isoelectric point value of 10.7. As one of the potential biopreservatives, lysozyme has been received attention from researchers in the food industry. It also has many applications in the current biopharmaceutical industry, including medicinal use, antibacterial, hemostasis, the reduction of swelling and inflammation and an important soluble agent for cell-free extracts in the fermentation industry. Chicken egg white contains the highest amount of lysozyme, making it the best source of purified lysozyme (Chiu et al., 2012; Kim et al., 2012) .
Besides the classical methods, new technologies have been adopted for lysozyme purification in recent years. Functionalized Fe 3 O 4 nanoparticles conjugated with Polyethylene Glycol (PEG) and Carboxymethyl Chitosan (CM-CTS) were developed and used as a novel magnetic absorbing carrier for the separation and purification of lysozyme from the aqueous solution and chicken egg white respectively (Sun et al., 2011) . Affinity chromatography strategies for lysozyme purification were reported (Li et al., 2009; Han et al., 2012) . Ion-exchange nanofibrous membrane for direct purification of lysozyme from chicken egg white was reported (Chiu et al., 2012) . Aqueous two-phase extraction of lysozyme was applied from crude hen egg white using response surface methodology (Lu et al., 2012) . These technologies are generally complicated, or expensive for large-scale production.
Egg white is composed of 88.5% water, 10.5% protein, 0.5% carbohydrate and the remainder of other solutes and is relatively homogeneous, containing very little particulate material and most of the solutes are proteins, among which most components have neutral pI values and only lysozyme (Mr 14,300) and avid in (Mr 68,300) have alkaline pI values (Stevens, 1991) . Isoelectric point precipitation and gel chromatography were used for purification of proteins and the procedure was worked out for large scale production because the operations involved are simple and cheap and a high purification could be obtained (Steindl et al., 1987) .
Changes in physical and functional properties of lysozyme due to heat have been reported. Lysozyme was not extensively damaged by heating egg white several minutes at temperatures up to 62°C if the pH was less than 7.5 and heat resistance of lysozymein phosphate buffer was 50 times higher than in egg white (Cunningham and Lineweaver, 1965) . Lysozyme recoveries increased with increasing ascorbic acid concentration (0-1.0%) in the egg white samples and the residual ascorbic acid in the lysozyme thus obtained should be removed to protect lysozyme from being denatured and so lysozyme heated with ascorbic acid was stable at 70°C for 1-10 min and (Chang et al., 2000) . Then other proteins will be removed from the solution by heat treatment.
This study introduces a simple method to purify lysozyme based on a combination of conventional processes, such as thermal treatment, isoelectric point precipitation and gel chromatography.
MATERIALS AND METHODS
Chemicals and enzyme: Sephadex G-100 and blue dextran 2000 were purchased from Pharmacia Company, USA. Lysozyme standard (twice crystalline) was purchased from Sinopharm Chemical Reagent Co. Ltd., China. All the other chemicals are of analytical grade.
Egg white used in the following experiments was obtained from fresh shell eggs broken out in the laboratory.
Methods:
Chicken egg white treatment: According to salt in action of protein, lower concentration of salt solution promotes dissolution of proteins. Chicken egg white was added with 5-fold volume 1% NaCl solution. The mixture solution was heated at 70°C for 10 min with 1.0% ascorbic acid under pH 6.0. The composition of precipitate was removed by centrifugation and extraction filtration and the supernatant was concentrated by centrifugal ultra filtration.
Purification of lysozyme:
The concentrated solution was added to 2-fold volume 0.1 mol/L Na 2 CO 3 -NaHCO 3 buffer (pH10.8). After centrifugation, the composition of the precipitate (crude product of lysozyme) was obtained.
Lysozyme standard and blue dextran 2000 were dissolved by 0.2 mol/L phosphate buffer solution (PBS, pH 7.2). The Lysozyme solution and blue dextran 2000 solution were separated through Sephadex G-100 gel filtration chromatography and the elution volumes were determined based on nucleic acid/protein UV analyzer. The crude product of lysozyme was dissolved by 0.2 mol/L PBS (pH 7.2) and the crude lysozyme solution was separated through gel filtration chromatography. The sample elution solution was collected according to 
Identification and determination of lysozyme:
The sample elution solution was concentrated by centrifugal ultra filtration. The concentration solution was identified with lysozyme standard by Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE).
RESULTS AND DISCUSSION
The lysozyme standard and blue dextran 2000 solution were separated through Sephadex G-100 gel filtration chromatography and the elution volumes were determined as showed in Fig. 2 . The crude lysozyme solution was separated through gel filtration chromatography as showed in Fig. 3 .
The absorption peak of sample was wider than lysozyme standard, perhaps due to the larger sample Heat treatment, isoelectric point precipitation and gel chromatography are all classical and low-cost methods. Therefore, the combination of heat treatment, isoelectric point precipitation and gel chromatography is probably the effective and low-cost purification.
